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rent flowing through the insulation has two components – a re-
active and an active one. The angle between vectors of these cur-
rents, which is close to 90°, and the ratio between them is equal 
to tangent of the angle (tgδ) between the vector of the reactive 
current and the vector of the full leakage current.
The Dielectric Dissipation Factor (DDF)/Tangent Delta (tgδ) 
measurement of the transformer insulation is a traditional 
Introduction
The Dielectric Dissipation Factor (DDF) is known as the loss fac-
tor or tangent delta of the insulation. The combined transformer 
insulation includes oil-impregnated cellulose materials and oil. 
When one of the insulating zones of the transformer is placed 
between two electrodes (either between windings or between 
the winding and a metal construction such as the core, frame or 
tank) under applied voltage, leakage current will flow. This cur-
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   DDF measurement of the trans­
former insulation is a traditional 
method used for estimation of the 
transformer insulation condition
     The design of the insulation zones 
varies for different transformers 
and using uniform acceptance DDF 
values for all zones and a uniform 
correction factor for temperature 
recalculation is incorrect
„
„method used for estimation of the transformer insulation con-
dition [1]. The differences between measured DDF values for 
different transformer insulation zones depend on the construc-
tion, condition and temperature of the insulation. Insulation 
zones are composed of transformer oil and oil impregnated 
cellulose materials (paper, pressboard, wood and laminated 
wood) (OIP). Dielectric parameters of oil sample and insulati-
on zones, e.g. high to low voltage windings or windings to the 
core and tank, can be measured but the parameters of the so-
lid material can only be estimated using special methods. The 
design of the insulation zones varies for different transformers, 
and the contribution of the DDF value for each elementary 
insulation material to the DDF value of the insulation zone is 
individual for each transformer type. Therefore, using uniform 
acceptance DDF values for all insulating zones and a uniform 
correction factor [1] for temperature recalculation is not cor-
rect. This article proposes a method of measurement and cal-
culation of DDF and capacitance for different insulating zones 
of transformers. The interpretation of these results promotes a 
better diagnostics and estimation of the condition of transform-
er insulation during the following stages: at the acceptance test 
of new transformers and after repair, at the test after change 
or reclaiming of oil, at the test after drying process, during the 
p eriodical test.
As a rule, normalisation of the DDF value for a new transform-
er should not exceed 1 % at the temperature of 20 °C. Some 
custom er requirements limit DDF to a different value accord-
ing to the rated voltage of the transformer.
Model of the transformer insulation
Figure 1 presents one of the capacitance models of a transformer 
where each elementary insulating zone (C1÷C8) is the capaci-
tance between relevant parts of the transformer. An equivalent 
scheme of the elementary insulating zone is shown in Figure 2. 
The simplified equivalent circuit diagram of the insulation con-
sists of the following capacitances: C1 with tgδ1 and C2 with tgδ2 
for the oil-impregnated cellulose materials, and C3 with tgδ3 for 
the oil. Assuming that tgδ1 = tgδ2,  because it is the tgδ of the same 
insulating materials, the resulting tgδ can be presented by equati-
on (1), where coefficients K1 and K2 are specific weight factors of 
tgδ1 and tgδ3 in tgδ of each corresponding insulating zone.
       
tgδ = K1 tgδ1 + K3 tgδ3                     (1)
The correctness of calculation of K1 and K2 may be checked with 
equation (2). 
K1+ K1=1                      (2)
The measurements of tgδ/C are carried out for each insulating 
zone (Figure 1) at a given temperature in two conditions: trans-
former with oil and without oil [2]. The relative dielectric per-
mittivity ε and tgδ3 of the oil sample from the transformer are 
measured at the same temperature. 
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The system of equations for the equivalent scheme (Figure 2) is 
presented by (3) and (4), where j=1 refers to transformer without 
oil and j=2 to transformer with oil. 
                    
CXJ = C1 +  1/C2+1/C3 εJ                                                                             (3)
CXJ tgδXJ = C1 tgδ1 +      (1/C2+1/C3 εJ )2
                                                 (4) 
  
The definition of unknown parameters C1, C2, C3 (Figure 2) and 
tgδ1 makes it possible to calculate coefficients K1 and K2: 
K1 = (C1+1/ (C2 (1/C2+1/C3 ε)2) )/Cx                                                        (5)
K2 = (1/ (C3  (1/C2+1/C3 e)2) )/Cx                                                                (6)
Figure 1. Capacitance model of the transformer     Figure 2. Equivalent scheme of the transformer insulating zone 
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    To estimate the condition of the 
insulation, it is proposed to calcu­
late the DDF value of solid insula­
tion for each elementary zone and 
compare it to the proposed limits
„
Table 2. Test and calculation results for three­phase transformer 50 MVA, 161/36 kV with inner HV winding
Table 1. Test and calculation results for three­phase transformer 50 MVA, 161/24 kV with inner LV winding
Scheme of T   Cx1   Cx2 tgδx1 tgδx2 tgδ3   ε C1 C2 C3 tgδ1   K1     K2
measurement °C   nF   nF   %   %   %  nF nF nF   %  
H-T, L+C+F+G 18 0.20 0.30 0.26 0.30 0.01 2.10 0.06 0.64 0.19 0.58 0.50 0.50
H-F, L+T+C+G 18 0.23 0.27 0.71 0.85 0.01 2.10 0.02 0.31 0.59 1.04 0.81 0.19
H-C, L+T+F+G 18 3.08 4.97 0.24 0.23 0.01 2.10 0.90 18.92 2.47 0.63 0.36 0.64
H-L, C+T+G 18 3.86 5.29 0.27 0.21 0.01 2.10 2.44 35.02 1.48 0.41 0.50 0.50
L-T, H+C+G 18 1.43 2.67 0.12 0.12 0.01 2.10 0.19 24.96 1.31 0.68 0.16 0.84
L-C, H+T+G 18 0.23 0.25 0.90 1.17 0.01 2.10 0.32 -0.06 0.14 1.26 0.93 0.07
Scheme of  T   Cx1   Cx2 tgδx1 tgδx2 tgδ3   ε C1 C2 C3 tgδ1   K1     K2
measurement °C   nF   nF   %   %   %  nF nF nF   %  
H-T, L+C+G 18 2.92 3.59 0.32 0.28 0.01 2.10 2.27 17.51 0.68 0.41 0.66 0.34
H-C, L+T+G 18 0.33 0.39 1.02 1.16 0.01 2.10 0.10 0.37 0.63 1.38 0.83 0.17
H-L, C+T+G 18 3.05 5.29 0.25 0.21 0.01 2.10 0.75 39.56 2.44 0.85 0.24 0.76
L-T, H+C+G 18 1.08 1.70 0.39 0.34 0.01 2.10 0.41 7.58 0.73 0.90 0.37 0.63
L-C, H+T+G 18 4.24 6.95 0.29 0.31 0.01 2.10 0.99 24.78 3.73 0.88 0.35 0.65
H-T, L+C+G 18 1.30 1.97 0.31 0.35 0.01 2.10 0.38 4.59 1.16 0.72 0.47 0.53
1
tgδ1/ C2 + tgδ3J / C3 εJ


















It is enough to make measurements and calculations for one ty-
pical transformer and then use them for all series of the given 
transformer type. From the equation (1) and (2), it follows that 
tgδ1 corresponds to the solid insulation. This can be calculated 
by equation (7): 
       
tgδ1 =        1 - K2                                                                                            (7)
Test results and calculation of insulating 
parameters     
The measurements of tgδ/C were carried out on a transformer 
at the factory during the type test in two conditions: with oil and 
without oil in the tank. The test and calculation results are shown 
in Tables 1 and 2, where tgδx1/ Cx1 represents the capacitance of 
the insulating zone without oil, and tgδx2/ Cx2 the capacitance of 
the insulating zone with oil, while ε is the relative dielectric per-
mittivity of oil sample from the transformer.
The procedure for preparing the transformer for measurement 
included filling the oil tank with the active part for the routing 
or type test (including tgδ/C measurement). The tgδ/C measure-
ments were performed after draining of oil. This procedure does 
not require significant costs if transportation of the transformer 
without oil is provided. A similar procedure could be used after 
transformer repair.
The measurement insulating zones are as follows:
between HV winding (H) and Tank (T); between HV winding 
(H) and LV winding (L); between HV winding (H) and Core (C); 
between HV winding (H) and Frame (F); between LV (L) and 
Core (C); between LV (L) and Frame (F). 
During the measurement of each zone all other elements, inclu-
ding the tap measurement of bushings, were connected to the 
guard (G) of the measurement instrument. Only the current 
through the relevant insulating zone is measured as the currents 
flowing through other insulating zones will return on the guard 
lead of the instrument.
The results showed that the coefficients K1 and K2 are different for 
each zone, which can be attributed to different combination of 
materials and their geometric dimensions. Some difference bet-
ween values of tgδ for different zones can be explained by using 
different materials, their combination and condition. The use of 
laminated wood could explain higher values of tgδ for the zones 
between the end of the winding and core/frame, because lamina-
ted wood includes high polarity substances such as glue.
DDF dependence on temperature
The dependence of DDF on temperature for different zones of 
insulation is different and defined by the condition of solid in-
sulation and oil. The graphs in the Figures 3 to 6 depicting de-
pendence of DDF on temperature show the influence of the 
construction (coefficient K1) and condition of materials [3]. The 
graphs of oil-impregnated cellulose materials (OIP) and oil (OIL) 
typically illustrate good/poor conditions of insulation materials. 
The values for combined insulation with a difference in coeffici-
ent K1 lie in between the values for OIP and OIL. 
The test results of tgδ measured with the decreasing temperature 
of the transformer 50 MVA, 161/36 kV are presented in Table 3 
and Figure 7. The temperature correction factors are different for 
different zones and illustrated in Figure 8.
Recalculation of the measured tgδ values at a given temperature 
to the base temperature performed using the uniform correction 
factor leads to a significant error.
Figure 3. DDF of good oil­impregnated cellulose materials (OIP) and 
good oil (OIL)     
Figure 4. DDF of good oil­impregnated cellulose materials (OIP) and 
poor oil (OIL)
   Differences between DDF values 
for different zones can be explained 
by the use of different materials, 
their combination and condition
„
    The dependence of DDF on tem­
perature is different for different 
zones of insulation and defined by 
the condition of solid insulation 
and oil
„
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Normalisation of DDF values
The results of the tgδ measurements (as presented in Tables 1 and 
2) show that in some insulating zones with a small coefficient K1, 
the tgδ values are lower than 0.5 %, but calculating the tgδ for OIP 
yields several times higher values. This may indicate, for example, 
that insulation is not dry enough.
For normalisation of DDF values for the transformer insulation, 
limits for oil [4] and for solid insulating materials need to be used.
The DDF limits may be recommended at the temperature of 20 
°C and are presented in Table 4.
If DDF calculation values for solid insulation exceed the limits or 
if there is a significant difference between the values for different 
insulating zones of the transformer, the reason for these changes 
must be investigated.
Conclusion
The suggested method to define coefficients K1 and K2 can be im-
plemented during transformer manufacturing, at a repair shop 
or a place of installation.
The parameters of insulation are measured once for a typical 
transformer with oil and a typical transformer without oil, and 
the calculated coefficients K1 and K2 for the corresponding type 
of transformer can then be used to define DDF of solid insulation 
of similar transformers.
The use of uniform coefficients for recalculation of measured tgδ 
    Recalculation of the measured 
DDF values at a given temperature 
to the base temperature perform­
ed using the uniform correction 
factor leads to a significant error
„
Figure 5. DDF of poor oil­impregnated cellulose materials OIP and good oil (OIL) 
Figure 7. DDF (%) vs. temperature (°C) for different zones      
Figure 6. DDF of poor oil­impregnated cellulose materials OIP and poor oil (OIL)





















































































Table 3.Test results of tgδ measured with the decreasing tempera­
ture on a transformer 50 MVA, 161/36 kV
    zone/graph  H-T H-F H-C H-L L-T L-C C-T
             series  1 2 3 4 5 6 7  
 23 0.30 1.24 0.23 0.25 0.14 1.75 0.83
 28 0.35 1.44 0.24 0.27 0.14 2.09 0.95
 33 0.42 1.69 0.24 0.27 0.15 2.44 1.09
 38 0.53 2.00 0.24 0.31 0.16 2.99 1.20
 43 0.64 2.18 0.24 0.32 0.16 3.32 1.40
 48 0.76 2.37 0.24 0.34 0.19 3.73 1.58
 53 0.86 2.54 0.25 0.33 0.21 4.19 1.81
 58 0.93 2.67 0.26 0.34 0.26 4.48 2.12
 63 1.04 2.75 0.29 0.34 0.35 4.58 2.27
 66.5 1.06 2.79 0.31 0.35 0.40 4.62 2.40
T, °C
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values at a given temperature to base temperature leads to sig-
nificant errors. To estimate the condition of the insulation, it is 
proposed to calculate the tgδ value of solid insulation for each 
elementary zone and compare it to the proposed limits.
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Table 4. DDF limits for oil impregnated cellulose materials
 Condition of transformer DDF (%) for oil-impregnated DDF (%) for laminated wood
  pressboard and paper  
 New 0.6 1
 In operation at the rated voltage  
	 Un	≤	110	kV	 1	 1.5
	 110	kV	<	Un	≤	170	kV	 0.8	 1.3
	 Un	>	170	kV	 0.7	 1.2
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